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InTRoduCTIon
Meningiomas are slowly growing benign tumors arising from arachnoid cap cells. They constitute about 20% of all primary intracranial tumors. Olfactory groove meningiomas represent 10% of this percentage (16) . The midline meningiomas of anterior skull base are classified by the site of their dural attachment into: Olfactory Groove Meningiomas (OGM), Planum Sphenoidale Meningioma and Tuberculum Sellae Meningiomas (TSM) (4) . Of those, OGMs and TSMs are the most common (9) . OGMs arise over the cribriform plate and frontosphenoid suture, predominantly in the midline, but they may extend more to one side. They can reach the ethmoid sinuses, the nasal cavity, or the orbit (5) . Common clinical presentations of OGMs are: personality changes, headache, visual manifestations, incontinence and FosterKennedy syndrome (1) . TSMs originate from the region of the tuberculum sellae, chiasmatic sulcus, limbus sphenoidale and grow in a subchiasmal location. Visual impairment is the most common complaint followed by headache, mental changes, anosmia and hypothalamic hypophyseal dysfunction (6) .
The main surgical challenge in skull base meningiomas is to remove the tumor without morbidity or mortality. Some authors advocate a radical approach with total tumor removal while others favor a more conservative attitude, supported by the natural history of these tumors being slowly growing (16) . The common surgical approaches to midline anterior skull base lesions are: the standard pterional, the subfrontal, and the anterior interhemispheric approaches. When considering any approach, the following goals should be targeted: early interruption of the tumor blood supply, careful separation of the frontal lobes from the tumor; dissection of the important structures mainly the anterior cerebral arteries, optic nerves, and chiasm; and adequate visualization of the anterior cranial fossa floor to allow total tumor excision and repair of skull base defects (2, 5) .
mATeRIAl and meThodS
This study was conducted prospectively on 30 patients presenting with midline anterior skull base meningiomas who presented to the Neurosurgery department of Cairo University Hospitals between March 2012 and August 2013. We studied patients with Olfactory Groove (OGM), Planum Sphenoidale (PSM), and Tuberculum Sellae Meningiomas (TSM). Patients with other non-midline anterior skull base meningiomas, as well as recurrent cases, were excluded from this study.
A full history was taken from all cases. Full preoperative and postoperative neurological examination was also done for all cases. Routine preoperative laboratory investigations were conducted for all patients. All patients were assessed by CT and MRI brain with contrast preoperatively, follow up CT scans were conducted 24 hours postoperatively, and MRI within 3 days. Late follow up MRI was done within a period of 6 to 12 months postoperatively to detect early recurrences.
Operative management: after routine preoperative preparation, the 30 patients included in this study were operated upon via one of these four different surgical approaches; (i) unilateral subfrontal, (ii) bilateral subfrontal, (iii) frontotemporal approach, and (iv) bifrontal basal interhemispheric. The extent of resection was assessed microscopically during surgery and postoperatively using CT or MRI imaging. The extent of resection was classified according to the Simpson grading system (13) . The functional outcome of the patients was assessed by comparing the preoperative and the postoperative neurological examination, as well as the Karnofsky performance scale (KPS) (7) . Patients were classified into three groups according to the KPS; (i) Normal function or minimal symptoms -KPS score 80-100, (ii) Independent but not able to work -KPS score 50-70, (iii) Moderate or severe disability -KPS score < 50.
ReSulTS
The data collected from 30 cases of surgically managed midline anterior skull base meningiomas was analyzed (Table  I) .
Incidence: During the 18 months of our study, 250 cases with cranial meningiomas presented to our department. During this period we had 30 cases of midline anterior skull base meningiomas, with a percentage of 12%.
Age & Sex:
Age of patients in our study ranged from 35 years and 67 years, the mean age was 51.5 and standard deviation (SD) was 1.7. There was a great female predominance. There were 24 females (80%) and 6 males (20%) with a female/male ratio of (4/1).
Clinical presentation:
The most common clinical presentation in our study was headache in 21 cases (70%), followed by diminution of vision in 19 cases (63%), anosmia occurred in 6 cases (20%), behavioral changes in 4 cases (13%), and seizures in 4 cases (13%). Fundoscopic examination revealed the presence of unilateral optic atrophy in 3 cases (10%), bilateral optic atrophy in 3 cases (10%). Papilledema was detected bilaterally in 12 cases (40%) with large meningiomas and massive edema, while unilateral papilledema with optic atrophy in the other side (Foster-Kennedy syndrome) appeared in 2 cases (6.7%).
location of neoplasms:
We had 14 OGMs (46.6%), 9 TSMs (30%), and 7 PSMs (23.3%).
Radiologic appearance: OGMs were the largest in size at initial presentation followed by PSMs and then TSMs (Table  II) . The most common radiologic finding was perifocal edema, seen in 16 cases (53%), followed by hyperostosis in 9 cases, calcification in 7 cases, vascular encasement in 6 cases, paranasal sinus invasion in 2 cases and cavernous sinus invasion in 2 cases.
The surgical approach was chosen according to the tumor type, size, and extension. The most common utilized approach was the subfrontal approach (unilateral or bilateral) in 80% of cases (Table III) . size were associated with a higher incidence of total removal (Table V) .
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Clinical outcome: Among the 19 cases complaining of visual deterioration, the visual outcome could not be assessed in 2 cases postoperatively due to deterioration in the conscious level. 7 of the remaining 17 cases (41.2%) showed improvement, while the remaining 10 cases (58.8%) showed no postoperative change. Concerning postoperative complications, CSF leakage was the most seen complication followed by brain edema (Table VI) .
study; it was only met in 6.7% of cases. Midline anterior skull base meningiomas, especially OGMs have to reach large sizes before they clinically present. More posterior lesions can present at smaller sizes due to their proximity to the optic nerves and the chiasm. In our study, the average size of the TSMs was 2.5 cm, PSMs was 3.4 cm, while the average size of the OGMs was 5.8 cm. In the study by Turazzi et al., 60% of the cases had tumors larger than 6 cm (15).
Various surgical approaches were described in excising anterior skull meningiomas; every approach has its advantages as well as its limitations. Selection of a surgical approach depends on the tumor size, location, extension, in addition to the surgeon's experience in using that approach. In this study, we used the bifrontal approach in cases with large symmetrical midline lesions (8 large OGMs which had diameters more than 5 cm and 4 cases of PSMs) due to the excellent view for dissection of the both anterior cerebral arteries and the optic pathways. We used the unilateral subfrontal approach in 12 cases (4 OGMs, 5 TSMs, and 3 cases of PSMs), while Pterional approach was used in 5 cases (2 OGMs, and 3 TSMs). Bifrontal basal interhemispheric approach was used in one case (TSM).
No statistical significance was found in the rate of total tumor resection (Simpson Grade 1 or 2) between the three main approaches. Total tumor removal was achieved in 26 cases
We had two mortalities in our study (6.7%); one was caused by postoperative anterior cerebral artery infarction, and the other was due to massive brain edema, for which bifrontal decompressive surgery was done and postoperatively she had bifrontal venous infarction.
general outcome: The median preoperative Karnofsky scale was 85 ranging from 70 to 100. The median postoperative Karnofsky scale was 90 ranging from 0 to 100.
Follow-up and recurrences:
The average duration for followup in our study was 14 months, ranging from 8 to 18 months. Given the fact that this was a short period for follow up, we did not meet any tumor recurrences.
dISCuSSIon
Direct surgical excision remains the only treatment for midline anterior skull base meningiomas, total surgical excision with minimal postoperative morbidities remain a challenge for all neurosurgeons. Variability of surgical approaches as well as improved microsurgical skills made this challenge achievable in most cases. Different surgical approaches were utilized in this study as a trial to identify the optimal surgical route to target these lesions.
The mean age of the cases in our study was 51.5 years and 73.3% of the cases were in their 5 th and 6 th decades. 80% of our cases were females. These facts were matching with many of previous studies and literature review (1, 11, 16) . We found that headache was the most presenting symptom followed by visual manifestations, then anosmia and behavioral changes. These clinical manifestations were the main symptoms discussed in most studies concerned with our subject, but alternating in order. Zivgaridis et al. had visual manifestations first in order (17) , while in the study by Turazzi et al. behavioral changes came first in order (15) . The classic FosterKennedy syndrome was not a common presentation in our (86.7%). El Gindi also described various approaches for surgical treatment of olfactory groove meningiomas. He preferred the bifrontal approach for large, midline lesions (5). Obeid and AIMefty preferred the unilateral subfrontal approach for OGMs while others stressed the disadvantages associated with the subfrontal approaches and advocated the pterional approach for the removal of olfactory groove meningiomas as it allows direct visualization of the vessels that are to be dissected from the posterior surface of the lesions (3, 11) .
Postoperative morbidities are still accepted when dealing with large midline skull base lesions but they are less frequently met with modern surgical techniques and good choice of the surgical approach. In our study, the highest complication rate was 20% for CSF leakage, there were only 2 mortalities (6.7%). These results agree with other recently published studies (9, 11) . In our study, none of our cases had tumor recurrences during the follow up period which extended up to 18 months. A longer follow up period is requested for better assessment of the actual recurrence rate. Several series have been published on these tumors, with long term follow up for recurrences beyond 10 years following Simpson 1 or 2 grade resections and they are illustrated in Table VII (8) .
ConCluSIon
OGMs, TSMs, and PSMs are common midline anterior skull base lesions; they are more common in females, with the peak incidence in the sixth decade of life. These tumors are no longer an unsolvable problem. Different surgical approaches are available for treating these lesions; the commonest are the subfrontal approach followed by the pterional approach. Surgical management using all available technical tools has become effective and safe in aggressive tumor excision with minimal surgical morbidities and mortalities.
